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(54) METHOD FOR CUTTING SEMICONDUCTOR SUBSTRATE 



(57) Multiphoton absorption Is generated, so as to 
form a part which is intended to be cut 9 due to a molten 
processed region 13 within a silicon wafer 11, and then 
an adhesive sheet 20 bonded to th&sillcon wafer 11 is 
expanded This cuts the sjifcon wafer 11 along the part 
which is intended to be cut 9 with a high precision into 
semiconductor chips 25. Here, opposing cut sections 



25a» 25a of neighboring semiconductor chips 25, 25 are 
separated from each other from their close contact 
stale, whereby a die-bonding resin layer 23 Is also cut 
along the part which is intended to be cut 9. Therefore, 
the silicon wafer 11 and die-bonding resin layer 23 can 
be cut much more efficiently than in the case where the 
silicon wafer 11 and die-bonding resin layer 23 are cut 
with a blade without cutting a base 21 . 
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Description 
Technical Reld 

[0001] The present invendon relates to a method of 
culling a semiconductor substrate used for cutting a 
semiconductor substrate In semiconductor device man- 
ufacturing processes and the like. 



Background Art 

[0002] As a conventional technique of this kind, Jap- 
anese Patent Application Laid-Opeh Nos. 2002-158276 
and 2000-104040 disclose the following technique. 
Rrst, an adhesive sheet is bonded to the rear face of a 
semiconductor wafer by way of a die-bonding resin lay- 
er , and the semiconductor wafer Is cut with a blade while 
in a state where the semiconductor wafer is held on the 
adhesive sheet, so as to yield semiconductor chips. 
Subsequently, when picking up the semiconductor chips 
on the adhesive sheet, the die-bonding resin is peeled 
off together with the individual semiconductor chips. 
This can bond the semiconductor chips onto a* lead 
frame while omitting the step of applying an adhesive to 
the rear faces of semfconductor chips, and so fprth. 
t0003] When cutting the semiconductor wafer held on 
the adhesive sheet with the blade in the above-men- 
tioned t^nique. however, the die-bonding resin layer 
existing between the semfconductor wafer .and adhe- 
sive sheet is needed to be cut surely without cutting the 
adhesive sheet Therefore, particular care must betak- 
en when cutting ^ semfconductor wafer with a blade In 
such a case. 

Disclosure of the Invention 

[0004] In view of such circumstances, it is an object 
of the present invention to provide a method of cutting 
a semiconductor substrate which can efficiently cut a 
semfconductor substrate with a die-bonding resin layer. 
[0005] For achieving the above-mentioned object, in 
one aspect, the present Invention provides a method of 
cutting a semiconductor substrate, the method compris- 
ing the steps of irradiating a semicondiictor substrate 
having a sheet bonded thereto by way of a die-bonding 
resin layer with laser light while locating a light-converg- 
ing point within the semiconductor substrate, so as to 
form a modified region caused by multlphoton absorp- 
tion within the semiconductor subsb-ate, and causing the 
modified region to forni a part which is intended to be 
cut: and expanding the sheet after the step of forming 
the part which is intended to be cut, so as to cut the 
semiconductor substrate and die-bonding resin layer 
along the part which is Intended to be cut. 
[0006] This method of cutting a semfconductor sub^ 
strate Irradiates the semiconductor substrate with laser 
light while locating a light-converging point within- the 
semfconductor substrate, and generates a phenome- 



non of multpboton absorption within the semiconductor 
substrate, so as to fonii a nrodified region, whereby the 
modified region can form a part whfch is intended to be 
cut withinlhesemiconductor substrate along a desirable 
5 line to cutfor cutting the semfconductor substrate. When 
the part which is intended to be cui is formed within the 
semiconductor substrate as such, a relatively small 
. force can start fractures in the thickness direction of the 
semfconductor substrate from the part which is intended 
10 to be cut. Therefore, when the sheet bonded to the sem- 
fconductor substrate is expanded, the semiconductor 
substrate can be cut with a high precision along the part 
which is intended to be cut. Here, opposing cut sectfcns 
of the cut semiconductor substrate are initially In close 
IS contact with each other, but are separated from each 
other as the sheet expands, whereby the die-bonding 
resin layer existing between the semfconductor sub- 
strate and the sheet is also cut along the part which is 
intended to be cut. Therefore, the semfconductor sub- 
20 strate and die-bonding resin layer can be cut along the 
part whfch is intended to be cut much more efficiently 
tlian in the case where the semfconductor sub strate and 
die-bonding resin layer are cut with a blade while leaving 
the sheet. Also, since the opposing cut sections of the 
25 cut semiconductor :sofastrate are initially in close contact 
with each other, the cut pieces of the semiconductor 
substrate and cut pieces of the die-bonding resin layer, 
have substantially. the ^ame outer form, whereby the 
die-bonding resin is prevented from protruding from the 
30 cut sections of the semiconductor substrate. 

POOT] In another aspect, the present invention pro- 
vides a method of cutting a semiconductor substrate, 
the method comprising the steps of Irradiating a senii- 
conductor substrate having a sheet bonded thereto by 
55 way of a die-bonding resin layer with laser light while 
locating a light-converging point within the semfconduc- 
tor substrate under a condition with a peak power den- 
sity of at least 1 x lO^ (W/cm2) at the light-converging 
point and a pulse width of 1 |is or les.s. so as to forni a 
^0 modified region including a molten processed region 
vwthin the semiconductor substrate, and causing the 
modified region including the molten processed region • 
to fonn a part which is intended to be cut; and expanding 
the sheet after the step of forming the part whfch Is in- 
tended to be cut. so as to cut the semfconductor sub- 
strate and die-bonding resin layer along the part which 
is intended to be cut. 

[0008] This method of cutting a semiconductor sub- 
strate irradiates the semiconductor substrate with laser 
50 light.while locating a light-converging point within the 
semiconductor substrate under a condition with a peak 
power density of at least 1 x 10« (W/cm2) at the light- • 
converging point and a pulse vWdth of 1 ^ or less. 
Therefore. the inside of the semioonductor substrate is 
55 locally heated by multlphoton absorption. This heat 
fomns a molten processed region within the semicon- 
ductor substrate. Since the molten processed region Is 
an example of the abpve-mentioned rriodified regfon, 
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the semiconductor substrate and die-bonding resin lay- 
er can also be* cut along the part which Is intended to be 
cut much more efficientfy In this method of cutting a sem- 
iconductor substrale than In the case where the semi- 
conductor substrate and die-bonding resin layer are cut 
with a blade whfle leaving the sheet. 
[0009] In sUH another aspect, the present invention 
provides a method of cutting a semiconductor substrate, 
the method comprising the steps of irradiating a semi- 
conductor substrate having a sheet bonded thereto by 
way of a die-bonding resin layer with laser light whfle 
locating a light-converging point within the semiconduc- 
tor substrate, so as to form a modified region within the 
semiconductor substrate, and causing the modified re- 
gion to form a part which is intended to be cut; and ex- 
panding the sheet after the step of forming the part 
which is intended to be cut, so as lo cut the semicon- 
ductor substrate and die-bonding resin layer along the 
part which is Intended to be cut. The modified region 
may be a molten processed region. 
[0010] Because of the same reason as with the 
above-mentioned methods of cutting a semiconductor 
substrate, the semiconductor substrate and die-bonding 
resin layer can also be cut along the part which Is Jn- 
tended to be cutmuch more elficjently in this nnethod of 
cutting a semiconductor substrate than in the case 
where the sembonductor substrate and die-bonding 
resin layer are cut with a blade while leaving the sheet. 
The modified region may be formed by multlphoton ab- 
sorption or other causes. 

[0011] In still another aspect, the present invention 
provides a method of cutting a semiconductor substrate, 
the method cciiprlsing the steps of In-adlating a semi- 
conductor substrale having a sheet bonded thereto with 
laser light while locating a light-converging point wiihln 
the semiconductor substrate, so as to form a modified 
region within the semiconductor substrate, and causing 
the modified region to fomi a part which is intended to 
be cut; and expanding the sheet after the step of forming 
the part wrhich is Intended to be cut. so as to cut the 
semiconductor substrate along the part which is intend- 
ed to be cut. 

[0012] This method of cutting a semiconductor sub- 
strate can cut the semiconductor substrate along the 
part which is Intended to be cut much more efficiently 
than in the case where the semiconductor substrate is 
cut with a blade while leaving the sheet. 
[0013] In the step of forming the part which is intended 
to be cut In any of the above-mentioned methods of cut- 
ting a semiconductor substrate in accordance with the 
present Invention, a fracture may be caused to reach a 
frpnt face of the semiconductor substrate on the laser 
light entrance side from the part which is intended to be 
cut acting as a start point, a fracture may be caused to 
reach a rear face of the semiconductor substrate on the 
side opposite from the laser light entrance side from the 
part which is Intended to be cut acting as a start point, 
or a fracture may be caused to reach the front face of 



the semiconductor substrate on the laser light entrance 
side and the rear face on the side opposite therefrom 
from the part which is intended to be cut acting as a start 
point. 

5 [0014] In still another aspect, the present invention 
provides a method of cutting a semiconductor substrate, 
the method comprising the steps of irradiating a semi- 
conductor substrate having a sheet bonded thereto by 
way of a die-bonding resin layer with laser Kght whWe 
10 locating a light-converging point within the semiconduc- 
tor substrate, so as to form a modified region caused by 
multiphoton absorption within the semiconductor sub- 
strate, and causing the modified region to form a part 
•whfch is intended to be cut; generating a stress In the 
IS semiconductor substrate along the part which is intend- 
ed to be cut after the step of fomiing the part which is 
intended to be cut. so as to cut the semiconductor sub- 
strate along the part which is intended to be cut; and 
expanding the sheet after the step of cutting the semi- 
20' conductor substrale, so as to cut the die-bonding resin 
layer along a cut section of the semiconductor substrate. 
[0015] The modified region' caused by multiphoton 
. absorption can form a part whbh is Intended to be cut 
within the semiconductor substrate along a desirable 
25 line to cut for cutting the semiconductor substrate in this 
method of cutting a semiconductor substrate as well. 
Therefore, when a stress is generated in the semicon- 
ductor substrate along the part which Is Intended to be 
cut, the semiconductor substrate can be cut with a high 
30 precision along the part which is Intended to be cut. 
Then, when the sheet bonded to the semiconductor sub- 
strate is expanded, opposing cut sections of the cut 
semiconductor substrale are separated from each other 
from their close contact state as the sheet expands, 
^5 whereby the die-bonding resin layer existing between 
the semiconductor substrate and sheet Is cut along the 
cut sections of the semiconductor substrate. Therefore, 
the semiconductor substrate and die-bonding rosin lay- 
er can be cut along the part which is intended to be cut 
^0 much more efficiently than in the case where the semi- 
conductor substrate and die-bonding resin layer are cut 
with a blade while leaving the sheet. Also, since the op- 
posing cut sections of the cut semiconductor substrate 
are initially in close contact with each other, the cutpiec- 
^5 es of the semiconductor substrate and cut pieces of the 
die-bonding resin layer have substantially the same out- 
er form, whereby the die-bonding resin is prevented 
from protruding from the cut sections of the semicon- 
ductor substrate. 
^ [0016] In still another aspect, the present invention 
provides a method of cutting a semiconductor substrate, 
the method comprising the steps of In-adiating a semi- 
conductor substrate having a sheet bonded thereto by 
way of a die-bonding resin layer with laser light while 
55 locating a light-converging point within the semiconduc- 
tor substrate under a condition with a peal< power den- 
sity of at least 1 x 10^ (W/cm2) at the light-converging 
point and a pulse width of 1 ^ls or less, so as to form a 
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modified region caused by multiphoton absorption with- 
in the semiconductor substrate, and causing the modi- 
fied region to fonm a part which Is intended to be cut; 
generating a stress In the semiconductor substrate 
along the part which is intended to be cut after the step 
of forming the part which is intended lo be cut, so as to 
cut the semiconductor substrate along the part which is 
intended to be cut; and expanding the sheet after the 
step of cutting the sembonductor substrate, so as to cut 
the die-bonding resin layer along a cut section of the 
semiconductor substrate. 

[0017] In still another aspect, the present invention 
provides a method of cutting a semiconductor substrate, 
the method comprising the steps of irradiating a semi- 
conductor substrate having a sheet bonded thereto by 
way of a die-bonding resin layer with laser light while 
locating a light-converging point within the semiconduc- 
tor substrate, so as to fonm a modified region within the 
semiconductor substrate, and causing the modified re- 
giontofoim apart which Is Intendedto be cut; generat- 
ing a stress in the semiconductor substrate along the 
part which is intended to be cut after the step of fonning 
the part which is intended to be cut, so as to cut the 
semiconductor substrate along the part which Is intend- 
ed to be cut; and expanding the sheet after the step of 
cutting the semiconductor substrate, so as lo cut the die- 
bonding resin layer along a cut section of the semicon- 
ductor substrate. The modified region may be a molten 
processed region. 

[0018] Because of the same reason as with the 
above-mentioned methods of cutting a semiconductor 
substrate, the semiconductor substrate and die-bonding 
resin layer can also be cut along the part which Is In- 
tended to be cut much more efficiently In this method of 
cutting a semiconductor substrate than. In the case 
where the semiconductor substrate and dIe-bondIng 
resin layer are cut with a blade while leaving the sheet. 
[001 9] In still another aspect, for achieving theabove- 
mentloned object, the present invention provides a 
method of cutting a sembonductor substrate having a 
front face fonned with a functional device along a line'to 
cut, the method comprising the steps of in-adiatlng the 
semiconductor substrate with laser light while using a 
rear face of the semiconductor substrate as a laser light 
entrance surface and locating a .light-converging point 
within the semiconductor substrate, so as tofomi amod- 
ified region, and causing the modified region to fomi a 
cutting start region within the sembonductor substrate 
Inside of the laser light entrance surface by a predeter- 
mined distance along the line to cut; attaching an ex- 
pandable holding member to the rear face of the semi- 
conductor substrate by way of a dle^onding resin layer 
after forming the cutUng start region; and expanding the 
holding member after attaching the holding member, so 
as to put the semiconductor substrate and die-bonding 
resin layer along the line lo cut. 
[0020] The object to be processed In this method of 
cutting a semiconductor substrate is a semiconductor 



substrate having the front face fomned with a functional 
device. Using the rear face of such a semiconductor 
substrate as a laser light entrance surface, the sembon- 
ductor substrate Is irradiated with laser light while locat- 
s • Ing a light-converging point within the semiconductor 
substrate, so as to generate multiphoton absorption or 
optical absorptbn equivalent thereto, thereby fomiing a 
cut start region caused by a modified region within the 
semiconductor substrate along the line to cut. Here, the 
^0 rear face of the semiconductor substrate is used as the 
laser light entrance surface, since there will be a fear of 
the ftjnclional device Inhibiting the laser light from en- 
tering if the front face is employed as the laser light en- 
trance surface. When the cutting start region is formed 
5 within the sembonductor substrate as such, a fracture 
can start from the cutting start region naturally or with a 
relatively small force applied thereto, so as to reach the 
front and rear faces of- the semiconductor substrate. 
Therefore, when an expandable holding member Is at- 
^ tached to the rear face of the semiconductor substrate 
by way of a die-bonding resin layer and expanded after 
fonning the cut start region, cut sections of the semicon- 
ductor substrate cut along the lines to cut are separated 
from each other from their close contact stale as the 
5 holding member expands. As a consequence, the die- 
bonding resin layer existing between the semiconductor 
substrate and holding member Is also cut along the line 
to cut. Therefore, the semiconductor substrate and die- 
bonding resin layer cart be cut along the line to cut much 
' more efficiently than in the case of cutting with a blade 
or the like. Also, since the opposing cut sections of the 
cut semiconductor substrate are initially in close contact 
with each other, the cut pieces of the semiconductor 
substrate and cut pieces of the die-bonding resin layer 
have substantially the same outer form, whereby the 
die-bonding resin Is prevented from protruding from the 
cut sections of the semiconductor substrate. 
[0021] The functional device refers to semiconductor 
operating layere fonned by crystal growth, light-receiv- 
ing devices such as photodiodes, light-emitting devbes 
such as laser diodes, and circuit devices formed as cir- 
cuits, for example. 

[0022] Preferably, the method further comprises the 
step of grinding the rear face of the sembonductor sub- 
strate such that the semiconductor substrate attains a 
predetermined thbkness before fonning the cutting start 
region. When the rear face of the semiconductor sub- 
strate is ground beforehand such that the semiconduc- 
torsubstrate attains a predetenrnined thickness as such, 
the semiconductor substrate and die-bonding resin lay- 
er can be cut along the line to cut with a higher precision. 
Here, the grinding encompasses cutting, polishing, 
chemical etching, etc. 

[0023] The modified region may include a molten 
processed region. When the object to be processed is 
a semiconductor substrate, a molten processed region 
may be formed upon Irradiation with laser light Since 
the molten processed region is an example of the 
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above-mentioned modified region, the semiconductor 
substrate can be cut easily, whereby the semiconductor 
substrate and die-bonding resin layer can efficiently be 
cut along the line to cut in this case as well. 
[0024] When fomiing the cutting start region In the 
above-mentioned methods of cutting a semiconductor 
substrate in accordance with the present Invention, a 
• fracture may be caused to reach the front face of the 
semiconductor substrate from the cutting start region 
acting as a start point, a fracture may be caused to reach 
the rear face of the sembonductor substrate from the 
cutting start region acting as a start point, or a fracture 
may be caused to reach the front and rear faces of the 
semiconductor substrate from the cutting start region 
acting as a start point. j 

Brief Description of the Drawings 

[0025] Fig. 1 is a plan view of a semiconductor sub- 
strate during laser processing by the laser processing 2 
method In accordance with an embodiment 
[0026] Rg. 2 is a sectional view of the semiconductor 
sijbstrate taken along the line 11-11 of Fig. 1 ; 
[0027] Rg. 3 is a plan view of the semiconductor sub- 
strate after laser processing by the laser processing 2. 
method in accordance with the embodiment; 
[0028] Fig. 4 is a sectional view of the semiconductor 
substrate taken along the line IV-IV of Fig. 3; 
[0029] Fig. 5 is asectionalviewof the semiconductor 
substrate taken along, ihe.line V-V of Fig. 3; 3£ 
[0030] Rg. 6 is a plan view of the semiconductor sub- 
strate cut by the laser processing method In accordance 
with the embodiment; 

[0031] Rg. 7 is a view showing a photograph of a 
cross section in a part of a silicon wafer cut by the laser 55 
processing method in accordance with the embodiment; 
[0032] Fig. 8 is a graph shov/ing retatlonshlps be- 
tween the laser light wavelength and the transmittance 
within a silicon substrate in the laser processing method 
In accordance with the embodiment; 4o 
[0033] Rg. 9 is a schematic diagram of the laser 
processing apparatus in accordance with an embodi- 
ment; 

[0034] Fig. 1 0 is a flowchart for explaining a procedure 
of fomnlng a part which is intended tobe cut by the laser 45 
processing apparatus in accordance with the embodi- 
ment; 

[0035] Figs. 1 1 A and 1 1 B are schematb views for ex- 
plaining the method of cutting a silfcon wafer in accord-, 
ance with an embodiment, in which Rg. 11A shows a so 
state where an adhesive sheet is bonded to the silicon 
wafer, whereas Fig. 11 B shows a state where a part 
which is intended to be cut due to a molten processed 
region is fomned within the silicon wafer, 
[0036] Rgs. 1 2A and 1 2B are schematic views for ex- ss 
plaining the method of cutting a silicon wafer in accord- 
ance with the embodiment, In which Fig. 12A shows a 
state where the adhesh^e sheet Is expanded, whereas 



Rg. 12B shows a state where the adhesive sheet is ir- 
radiated with UV rays; 

[0037]- Figs. 13A and 13B are schematic views for ex- 
plaining the method of cutting a silicon wafer in accord- 
' ance with the embodiment, in which Rg. 13A shows a 
state where a semiconductor chip is picked up together 
with a cut die-bonding resin layer, whereas Fig. 13B 
shows a state where the semiconductor chip is joined 
to a lead f rame'by way of the die-bonding resin layer; 
> [0038] Figs. 14A and 14B are schemaUc views show- 
ing relationships between the silicon wafer arid a part 
which is intended to be cut in the method of cutting a 
silicon wafer in accordance with the embodiment, In 
which Fig. 14A shows a state where no fractures are 
' started from the part which is intended to be cut, where- 
as Fig. 14B shows a state where fractures started from 
the part which is Intended to be cut have reached the 
front and rear faces of the silicon wafer; • 
[0039] Rgs. 15A and 15B are schematic views show- 
ing relationships between the silicon wafer and a part 
which is Intended to be cut in the method of cutting a 
silicon wafer in accordance with the embodiment, In 
which F=lg. 15A shows a state where a fracture started 
from the part which is Intended to be cut has reached " 
the fn^nt face of the silicon wafer, whereas Rg. 15B 
shows a state where a fracture started from the part 
which is intended to be cut has reached the rear face of 
the silicon wafer; 

[0040] Rgs. 1 6A and 1 6B are schematic views for ex- 
plaining an example of the method of cutting a silbon 
wafer in accordance with the embodiment, in which Rg. 
1 6A shows a state immediately after starting expanding 
the adhesive sheet, whereas Fig. 16B'shows a state 
during the expanding of the adhesive sheet; 
[0041] Figs. 17A and 17B are schematic views for ex- 
plaining this example of the method of cutting a silicon 
wafer in accordance with the embodiment, In which Rg. 
1 7A shows a state after completing the expanding of the 
adhesive sheet, whereas Fig: 178 shows a state at the 
time of picking up a semiconductor chip; 
[0042] Rg. 1 8 is- a schematic view for explaining an- 
other example of the method of cutting a silicon wafer 
in accordance with the embodiment; 
[0043] Rgs. 19A and 19B are views for explaining a 
case where no fractui-es are started from a part which 
is intended to be cut in still another example of the meth- 
od of cutting a silicon wafer in accordance with the em- 
bodiment, In which Rg. 19A shows a state after the part 
which Is intended to be cut due to a molten processed 
region is formed, whereas Rg. 1 9B shows a state where 
the adhesive sheet is expanded; 
[0044] Figs. 20A and 20B are views for explaining a 
case where fractures started from a part which is intend- 
ed to be cut reach the front and rear faces of the silicon 
waferin this example of the method of cutting a silicon 
wafer in accordance with the embodiment, in which Fig. 
20A shows a stale after the part which is intended to be 
cut due to a molten processed region is formed, where- 
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as Fig. 20B shows a state where the adhesive sheet is 
expanded; 

(0045] Figs. 21 A and 21 B are views for explaining a 
case where a fracture started from a part which is in- 
tended to be cut reaches the front face of the silicon wa- 
fer In this example of the method of cutting a silicon wa- 
fer in accordance with the embodiment, in which Fig. 
21 A shows a state after the part which is intended to be 
cut due to a molten processed region is formed, where- 
as Fig. 21 B shows a state where the adhesive sheet is 
expanded; 

[0046] Figs. 22A and 22B are views for explaining a 
. case where a fracture started from a part which Is in- 
tended to be cut reaches the rear face of the silicon wa- 
fer in this example of the method of cutting a silbon wa- 
fer in accordance with the embodiment, in which Rg. 
22A shows a state after the part which is Intended to be 
cut due to a molten processed region is formed^ where- 
as Flg..22B shows a state where the adhesive sheet Is 
expanded; 

£0047] Fig. 23 is a plan view of a silicon wafer to be- 
come an object to be processed in the method, of cutting 
a semfconductor substrate in accondance virlth an em- 
bodiment; 

[0048] Figs. 24A to 24C are schematic vievirs for ex- 
plaining the m^od of cutting a semiconductor sub- 
strate in accordance with the embodiment, in which Fig. 
24A shows a state where a protective film is bonded to 
the silicon wafer. Fig. 24B shows a state where the sili- 
con wafer Is thinned, and Fig. 248 shows a state where 
the protective film Is irradiated with UV rays; 
[0049] Rgs. 25A to 25C are schematic views for ex- 
plaining the method of cutting a semiconductor sub- 
strate In accordance with the embodiment, In which Fig. 
25A shows a state where the silicon wafer and ptDlec- 
tive film are fixed onto a mount table. Fig. 258 shows a 
state where the silicon wafer Is ina dialed with laser light, 
and Fig. 25C shows a state where a cutting start regiori 
Is formed within the silicon wafer; 
[0050] Rgs. 26A to 2GC are schematic views for ex- 
plaining the method of cutting a semiconductor sub- 
strate In accordance with the embodiment, in which Fig. 
26A shows a state where a film with a die-bonding resin 
f ilnn is bonded to the silicon wafer, Rg. 26B shows astate 
where the protective film is peeled off from the silicon 
wafer, and Fig. 26C shows a state where an expandable 
film is in-adiated with UV rays; and 
[0051] Rgs. 27A to 27C are schematfc views for ex- 
plaining the method of cutting a semiconductor sub- 
strate In accordance with the embodiment, in which Rg. 
27A sh ows a state where th e expandable film is expand- 
ed, Rg. 278 shows a state where a semiconductor chip 
is picked up together with a cut die-bonding resin layer, 
and Rg. 27C shows a state where the semiconductor 
chip Is joined to a lead frame by way of the die-bonding 
resin layer. 



Best Modes for Carrying Out the Invention 



' [0052] In the following, pretended embodiments of the 
method of cutting a semiconductor substrate in -accord- 
5 ance with the present invention will be explained in detail 
with reference to drawings. 

[0053] The method of cutting a semiconductor sub- 
strate in accordance with an embodiment irradiates a 
semiconductor substrate with laser light while locating 
10 a light-converging point within the semiconductor sub- 
strate, so as to form a modified region caused by multi- 
photon absorption within the semiconductor substrate, 
and causes the modified region to fomi a part which is 
intended to be cut. Therefore, before explaining the 
IS method of cutting a semiconductor substrate in accord- 
ance with this embodiment.* a laser processing method 
earned out for fomiing the part which is intended to be 
cut will be explained mainly In tenns of multiphoton ab- 
sorption. 

20 [0054] A material becomes optically transparent 
when its absorption bandgap Eq Is greater than photon 
energy hv. Hence, a condition under which absorption 
occurs in the material Is hv > Eq. However, even when 
optically transparent, the material generates absorption 
2s under a condition of nhv > (where n = 2. 3, 4, ...) if 
the intensity of laser light becomes very high. This phe- 
nomenon is known as multiphoton absorption. In the 
case of pulsed waves, the Intensity of laser light Is de- 
. termlned by the peak power density (W/cm2) of laser 
^0 light at a light-converging point. The multiphoton ab- 
sorption occurs under a condition where the peak power 
density is 1 x 10^ (W/cm2) or greater, for example. The 
peak power density Is detemiined by (energy of laser 
light at the light-converging point per pulse)/(beam spot 
35 cross-sectional area of laser light x pulse width). In the 
case of continuous waves, the intensity of laser light Is 
detemiined by the field intensity (W/crn2) of laser light 
at the light-converging point. 

[0055] The principle of the laser processing method 
In accordance with an embodiment using such multipho- 
ton absorption will be explained with reference to Figs. 
1 to e. Fig. 1 is a plan view of a semiconductor substrate 
1 during laser processing. Fig. 2 is a sectional view of 
the semiconductor substrate I taken along the line 11-11 
<s of Fig. 1 . Fig. 3 is a plan view of the semiconductor sub- 
strate 1 after the laser processing. Rg. 4 is a sectional 
view of the semiconductor substrate I taken along the 
line IV-I V of Rg. 3. Fig. 5 is a sectional view of the sem- 
fconductor substrate 1 taken along the line V-V of Fig. 
so 3. Fig. 6 is a plan view of the cut semiconductor sub^ 
strate 1. 

[0056] As shown in Figs. 1 and 2. a desirable Hne to 
cut 5 exists on a front face 3 of the semiconductor sub- 
strate 1. The Hne to cut 5 Is a virtual line extending 
55 straight (although a line may actually be drawn on the 
semiconductor substrate I so as to become the line to 
cut 5). The laser processing in accordance with this em- 
bodiment Irradiates the semiconductor substrate I with 
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laser light while locating a Hght-con verging point P within ' 
the semiconductor substrate 1 under a condition gener- 
ating multiphoton absorption, so as to form a modified 
region 7. The nght-converging point is a position at 
which the laser light L Is converged. 5 
[0057] The laser fighl L is relatively moved along the 
line to cut 5 (i.e., along the direction of an-ow A), so as 
to shift the light-converging point P along the line to cut 
5. As a consequence, the modified region 7 is formed 
along the line to cuts only within the semiconductor sub- • io 
strate 1 as shown in Figs. 3 to 5, and a part which is 
intended to be cut 9 is fomned by the modified region 7. 
In the laser processing method in accordance with this 
embodirnent, the modified region 7 Is not formed by the 
heat generated from, the semiconductor substrate 1 ab- is 
sorbing the laser light L. The laser light *L Is transmitted 
through the semiconductor substrate 1 . so as to gener- 
ate multiphoton absorption therewithin, thereby forming 
the modified region 7. Therefore, the front face 3 of the 
semiconductor substrate 1 hardiy absorbs the laser light 20 
L and does not melt. 

[0058] When a start point exists in an area for cutting 
the semiconductor substrate.1, the semiconductor sub- 
strate 1 fractures from this start point, whereby the sem- 
iconductor substrate I can be cut with a relatively small 25 
force as shown in Fig. 6. Hence, the semiconductor sub- 
strate 1 can be cut without generating unnecessary frac- 
tures in the front face 3 of the semiconductor substrate 

£0059] There seerh to be the following two ways of cut- . ao 
ting a semiconductor substrate from a cutting start re- 
gion acting as a start point. The first case Is where an 
artificial force is applied to the semiconductor substrate 
after the cutting start region is fomned, so that the sem- 
iconductor substrate fractures from the cutting start re- 35 
gion acting as a start point, and thus is cut This .is the 
cutting in the case where the semiconductor substrate 
has a large thickness, for example. Applying an artificial 
force refers to exerting a bending stress or shear stress 
to the semiconductor substrate along the cutting start 4o 
region, or generating a thermal stress by imparting a 
temperature difference to the semiconductor substrate, 
for example. The other case is where the forming of the 
cutting start region causes the semiconductor substrate 
to fracture naturally in its cross-sectional direction 4S 
(thickness direction) from the cutting start region acting 
as a start point, thereby cutting the semiconductor sub- 
strate. This becomes possible if the cutting start region 
is formed by one row of the modified region when the 
semiconductor substrate has a small thickness, or if the so 
cutting start region is formed by a plurality of rows of the 
modified region in the thickness direction when the sem- 
iconductor substrate has a large thickness. Even in this 
naturally fracturing case, fractures do not extend onto 
the front face at a portion con^esponding to an area not ss 
formed with the cutting start region in the part which is 
intended to be cut, so that only the portion correspond- 
ing to the area fomied.with the cutting start region can 



be cleaved, whereby cleavage can be controlled well 
Such a cleaving method with a favorable controllability 
is quite effective, since semiconductor substrates such 
as silicon wafers have recently been apt to decrease 
their thickness. 

10060] An example of the modified region formed by 
muIUpholon absorption in this embodiment is a molten 
processed region which will be explained in the follow- 
ing. . 

[0061] A semiconductor substrate is irradiated with la- 
ser light while locating a light-converging point there- 
within under a condition with a field Intensity of at least 
. 1 X 1 08 (W/cm2) at the light^onverging point and a pulse 
width of 1 us or less. As a consequence, the inside of 
the object is locally heated by multiphoton absorption. 
This heating fomis a molten processed region within the 
object The molten processed region encompasses re- 
gions once molten and then re-solldified. regions just in 
a molten state, and regions in the process of being re- 
sofidif led from the molten state, and can also be refen-ed 
to as a region whose phase has changed or a region 
whose crystal structure has changed. The molten pmc- 
essed region may also be referred to as a region In 
which a certain structure changes to another structure 
among monocrystal, amorphous, and polycrystal stmc- 
tures. For example, it means a region having changed 
from the monocrystal stmcture to the amorphous stmc- 
ture. a region having changed from the monocrystal 
structure to the polycr/sial structure, or a region having 
changed from the monocrystal structure to a structure ' 
containing amorphous and polycrystal structures. When 
the object to be processed Is of a silicon monocrystal 
structure, the molten processed region is an amorphous 
silicon stmcture. for example. The upper limit of field in- 
tensity is 1 x 1 012 (W/cm^), for example. The pulse width 
IS preferably 1 to 200 ns, for example. 
[0062] By an experiment, the. inventors verified that a 
molten processed region was formed within a silicon wa- 
fer. The following are conditions of the experiment. 

(A) Object to be processed: silicon wafer (with a 
thickness of 350 tun and an outerdiameter of 4 inch- 
es) 

(B) Laser 

light source: semiconductor laser pumping Nd: 
YAG laser 

wavelength: 1064 nm 

laser light spot cross-sectional area: 3 14x10-8 
cm2 

oscillation mode: Q-switched pulse 

repetition frequency: 100 kHz 

pulse width: 30 ns 

output: 20 jil/pulse 

laser light quality: TEMqo 

polarizing property: linear polarization 

(C) Condenser lens 
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magnification: x50 
NA: 0.55 

transmfttance at a laser light wavelength: 60% 

(D) Moving rate oi the mount table mounting the ob- 
ject: 100 mm/sec 

. [0063] Rg. 7 is a view showing a photograph of a 
cross section of a part of a silicon wafer cut by laser 
processing under the conditions mentioned above, A 
molten processed region 13 is formed within the silicon 
wafer 11 . The molten processed region 1 3 formed under 
. the above-mentioned conditions has a size of about 1 00 
|im in the thickness direction. ' 

The fact that the molten processed region 13 is 
formed by multiphoton absorption will now be explained. 
Rg. 8 is a graph showing relationships between the la- 
ser light wavelength and the transmittance within the sil- 
icon substrate. Here, the respective reflected corripo- 
nents on the front and rear sides of the silicon substrate 
are eliminated, so as to show the internal transmittance 
alone. The respective relationships are shown In the 
cases where the thickness t of the silicon substrate is 
50 Jim, 1 00 Jim, 200 jim, 500 jim, and 1 000 jim. 
[0064] For example, at the Nd:YAG laser wavelength 25 
of 1064 nm, the laser light appears to be transmitted 
through the silicon substrate by at least 80% when the 
silicon substrate has a thickness of 500 jim or less. 
Since the silicon wafer 11 shown in Rg. 7 has a thick- 
ness of 360 |im, the molten processed region 13 caused 3o 
by multiphoton absorption Is formed near the center of 
the silicon wafer 11. i.e.. at a part distanced from the 
front face by 175 jun. The trdnsmlttance In this case is 
90% or more with reference to a silicon wafer having a 
thickness of 200 Jim, wherebythe laser light is absorbed 35 
only slightly within the silicon wafer 11 but is substan- 
tially, transmitted therethrough.This means that the mol- 
ten processed region 13 Is formed within the silicon wa- 
. fer 1 1. not by laser light absorption within the silicon wa- 
. fer 11 (I.e.. not by usUal heating with the laser light) but 40 
by multiphoton absorption. The forming of a molten 
processed region by multiphoton absorption is dis- 
closed, for example, In "Silicon Processing Character- 
istic Evaluation by Picosecond Pulse Laser^. Preprints 
of the National Meetings of Japan Welding Society. Vol. 4s 
66 (April, 2000). pp. 72-73, 

[0065] A fracture is generated In a silicon wafer from 
a cutting start region formed by a molten processed re- 
gion, acting as a start point, toward a cross section, and 
reaches the front and rear faces of the slOcon wafer, so 
whereby the silicon wafer is cut. The fracture reaching 
the front and rear faces of the silicon wafer may grow 
naturally or as a force is applied to the silicon wafer. The • 
fracture naturally growing from the cutting start region 
to the front and rear faces of the silicon wafer encom- ss 
passes a case where the fracture grows from a state 
where the molten processed region forming the cutting 
start region is molten and a case where the fracture 



grows when the molten processed region forming the 

. cutting start region is re-solidified from the molten state. 
In either case, the molten processed region is formed 
only within the silicon wafer, and thus is present only 

* within the cut section after cutting as shown in Rg. 7. 
When a cutting start region is formed within the object 
by a molten processed region as such, unnecessary 
fractures deviating from a cutting start region line are 
harder to occur at the time of cleaving, whereby cleav- 

' age control becomes easier. 

When a cutting start region is formed as follows 
while taking account of the crystal stnjcture of a semi- 
conductor substrate, its cleavage characteristic, and the 
like, the object can be cut with a high precision by a 

■ smaller force from the cutting start region acUng as a 
start point. 

[0066] Namely, in the case of a substrate made of a 
monocrystal semiconductor having a diamond structure 
such as silicon, it will be preferred if a cutting start region 
is formed In a direction extending along a (111) plane 
(first cleavage plane) or a (110) plane (second cleavage 
plane). In the case of a substrate made of a lll-V family 
compound semiconductor of sphalerite structure such 
as GaAs. it will be preferred if a cuning start region is 
formed in a direction extending along a (110) plane. 
[0067] When the substrate is fomned with an orienta- 
tion flat in a direction to be fonned with the above-men- 
tioned cutting start region (e.g.. a direction extending 
along a (111) plane in a monocrystal silicon substrate) 
or a direction orthogonaJ to the direction to be formed 
therewith, the cutting start region extending In the direc- 
tion to be formed with the cutting start region can be 
for-iied easily and accurately with reference to the ort- 
entation flat. 

[0068] With reference to Rg. 9, a laser processing ap- 
paratus used in the abdve-mentioned laser processing 
method will now be explained. Rg. 9 Is a schematic di- 
agram of a laser processing apparatus 100. 
[0069] The laser processing apparatus 100 compris- 
es a laser light source 101 for generating laser light L; 
a laser light source controller 1 02 for controlling the laser 
light source 101 In order to regulate the output; pulse 
width, and the fike of the laser light L; a dichroic min-or 
1 03 an-anged so as to change the orientation of the op- 
tical axis of the laser light L by 90*^ while functioning to 
reflect the laser light L; a condenser lens 105 for con- 
verging the laser light L reflected by the dfchrolc mirror 
1 03; a mount table 1 07 for mounting a semiconductor ' 
substrate 1 to be irradiated with the laser light L con- 
vereied by the condenser lens 105; an X-axis stage 109 
for moving the mount table 107 along an X axis; a Y-axis 
stage 1 11 for moving the mount table 1 07 along a Y axis 
which is orthogonal to the X axis; a Z-axis stage 113 for 
moving the mount table 107 along a Z-axis which is or- 
thogonal to X and Y axes; and a stage controller 115 for 
controlling the movement of the three stages 109 ill 
113. 

[0070] The Z a»s is Qrthogonal to the front face 3 of 
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the semiconductor substrate 1 , and thus is the direction 
of focal depth of the laser light incident on the semicon- 
ductor substrate 1 . Therefore, the light-converging point 
P of the laser light L can be positioned within the semi- 
conductor substrate l by moving the Z-axis stage 113 
along the Z axis. The movement of the fight-converging 
point P along the X (Y) axis is perfomned by moving the 
semiconductor substrate 1 afong the X (Y) axis by the 
X (Y)-axis stage 109 (111). 

[0071] The laser light source 101 is Nd:YAG laser 
generating pulsed laser light Other examples of the la- 
ser employable in the laser light source 101 include Nd: 
YVO4 laser, Nd: YLF laser, and titanium sapphire laser. 
For forming a molten processed region, NdrYAG laser, 
Nd:YV04 laser, and Nd:YLF laser are preferably used! 
Though this embodiment uses pulsed laser light for 
processing the semiconductor substrate 1, continuous 
wave laser light may also be used if It can cause multi- 
photon absorption. • 

[0072] The laser processing apparatus 100 further 
comprises an observation light source 11 7 for generat- 
ing visible rays for illuminating the semiconductor sub- 
strate I mounted on the mount table 107, and a visible 
ray beann splitter 119 disposed.on the same optical axis 
as with the dichroic mirror 1 03 and condenser lens 1 05. 
The dichroic mirror 103 is disposed between the beam . 
splitter 11 9 and condenser leps 105. The beam splitter 
• 119 functions to reflect about a half of the visible rays 
and transmit the remaining half therethrough, and is dis- 
posed so as to change the orientation of the optical axis 
of visible rays by 90^ About a half of the visible rays 
generated from the observation light source 1 1 7 are re- 

. fleeted by the beam splitter 119. Thus reflected visible 
rays pass through the dichroic mirror 1 03 and condens- 
er lens 105. thereby illuminating the front face 3 of the 
serhiconductor substrate 1 including the line to cut 5 and 

• the like. 

[0073] The laser processing apparatus 1 00 further 
comprises an image piclcup device 121 an.d an imaging 
lens 123 which are disposed on the same optical axis 
as with the beam splitter 119, dichroic mirror 103, and 
condenser lens 105. An example of the image pickup 
device 121 Is a CCD camera. The reflected light of vis- 
ible rays having illuminated the front face 3 of the sem- 
iconductor substrate 1 including the line to cut 5 and the 
like passes through the condenser lens 105, dichroic 
mirror 1 03, and beam splitter 11 9. so as to be focused 
by the imaging lens 1 23 and captured by the image pick- 
up device 121. thus yielding imaging data. 
[0074] The laser processing apparatus 100 further 
comprises an imaging data processor 125 for inputting 
the Imaging data outputled from the image pickup de- 
vice 121 , an overall controller 127 for controlling the la- 
ser processing apparatus 1 00 as a whole, and a monitor 
129: Based on the imaging data, the imaging data proc- 
essor 125 cafculates focal data for positioning the focal 
point of visible rays generated by the obsen^ation light 
source 117 onto the front face 3, According to the focal 



data, the stage controller 115 regulates the movement 
of the Z-axis stage 1 13. so as to position the focal point 
of visible rays at the front face 3. Thus, the Imaging data 
processor 125 functions as an autofocus unit On the 
5 basis of imaging data, the imaging data processor 125 
calculates image data such as enlarged images of the 
front face 3. The image data are sent to the overall con- 
troller 127. so as to be subjected to various processing 
operations, and thus processed data are transmitted to 
^0 the monitor 129. As a consequence, enlarged images 
and the like are displayed on the monitor 129. 
[0075] The data from the stage controller 1 1 5, the im- 
age data from the imaging data processor 1 25, etc. are 
fed into the overall controller 1 27, whereas theiaser light 
^5 source controller 1 02, observation light source 1 1 7, and 
stage controller 115 are regulated according to these ' 
data as well, whereby the laser processing apparatus 

• 1 00 as a whole is controlled. Hence, the overall control- 
ler 127 functions as a computer unit 

20 [0076] A procedure by whfeh thus configured laser 
processing apparatus 1 00 forms a part which Is intend- 
ed to be cut will now be explained with reference to Rgs. 
9 and 1 0. Fig. 10 is a flowchart for explaining the proce- 
dure by which thus configured laser processing appara- 
25 lus 1 00 fomis a part which is intended to be cut. 

[0077] The light absorption characteristic of the sem- 
iconductor substrate 1 Is measured by a spectropho- 
tometer or the like which is not depicted. According to 
the result of measurement, a laser light source 1 01 gen- 
30 erating laser light L having a wavelength to whfch the 
semiconductor substrate 1 is transparent or less ab- 
sorptwe is chosen (SI 01 ). Subsequentlyj the thickness 
of the semiconductor substrate 1 is measured. Accord- 
ing to the result of measurement of thickness and the 
3S refractive Index of the semiconductor substrate 1 , the 
amount of movement of the semiconductor substrate 
along the Z axis is determined (SI 03). This is an amount 
of movement the semiconductor substrate 1 along the 
Z axis with reference to the light-converging point P of 
^0 laser light positioned at the front facQ 3 of the semicon- 
ductor substrate 1 for locating the light-con verging point 
P of laser light L within the semiconductor substrate 1 . 
This amount of movement is fed into the overall control- 
' Ier127. 

[0078] The semiconductor substrate 1 is mounted on 
the mount table 107 of the laser processing apparatus 
100. Then, visible rays are generated from the observa- 
tion light source 117, so as to illuminate the semicon- 
ductor substrate 1 (31 05). The front face 3 of the senv 
so (conductor substrate 1 including the Illuminated line to 
cut 5 is captured by the Image pickup device 121 . TTie 
line to cut 5 Is a desirable virtual line to cut the semfcon- 
ductor substrate 1. Ihe imaging data captured by the 

• image pickup device 121 is sent to the imaging data 
55 processor 125. According to the imaging data, the im- 
aging data processor 1 25 calculates such focal data as 
to position the focal point of visible rays generated by 
the observation fight source 117 onto the front face 3 
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(SI 07). 

10079] The focal data is sent to the stage controller 
115. According to the focal data, the stage controller 1 1 5 
moves the Z-axis stage 1 1 3 along the Z axis (SI 09). As 
a consequence, the focal point of the.visible rays from s 
the observation fight source 11 7 is positioned at the front 
face 3 of the semiconductor substrate 1 . According to 
the imaging data, the imaging data processor 125 cal- 
culates enlarged image data of the front face 3 of the 
semiconductor substrate 1 including th^ line to cut 5. io 
The enlarged image data is sent to the monitor 129 by 
way of the total controller 1 27. whereby an enlarged im- 
age of the line tocutS and Its vicinity is displayed onth6 
monitor 129. 

[0080] The movement amount data detennined by is 
step SI 03 has been fed Into the total controller 1 27 be- 
forehand, and is sent to the stage controller 115. Ac- 
cording to the movement amount data, the stage con- • 
troller 1 1 5 causes the Z-axis stage 1 1 3 to move the sem- 
iconductor substrate 1 along the Z axis to such a position 20 
that the light-converging point P of laser light L is located 
within the semiconductor sul>strate 1 (S11 1). 
[0081] Subsequently, laser light L Is generated from 
the laser light source 1 01 , so as to illuminate the line to 

- cut-5 in the front face 3 of the semiconductor substrate 2S 
1. Since the light-converging point P of laser Oght L is 
located within the semiconductor substrate 1 , a molten - 
processed region is fonned only within the semiconduc- 
tor substrate 1. Then, the X-axis stage 109 and Y-axis 

. stage 111 are moved along the line to cut 5, whereby 30 
the molten processed region fonned along the line to 
cut 5 forms a part which is intended to be cut along the 
line to cut 5 (S 113). 

[0082] The foregoing completes the forming of the 
part which is intended to be cut by the laser processing 35 
apparatus IOO, whereby the part which \$ Intended.to 
be cut Is fonned within the semiconductor substrate 1. 
When the part which is intended to be cut is formed with- • 
Inthe semiconductor substrate 1 , a relatively small force 
can start fractures in the thicl<ness direction of the sem- 4o 
iconductor substrate 1 from the part which is intended 
to be cut. 

[0083] The method of . cutting a semiconductor sub- 
strate In accordance with this embodiment will now be 
explained. Here, a silicon wafer 1 1 which is a semicon- 45 
ductor wafer is used as the semiconductor substrate. 
[0084] First, as shown in Fig. 1 1 A, an adhesive sheet 
20 is bonded to the rear face 1 7 of the silicon wafer 1 1 
so as to cover the rear face 1 7. The adhesh^e sheet 20 
Includes a base 21 having a thickness of about 100 jim. so 
on which a UV-curabie resin layer 22 having a thickness 
on the order of several micrometers is disposed. Fur- 
ther, on the UV-curable resin layer 22. a die-bonding res- 
in layer 23 functioning as a die-bonding adhesive is dis- 
posed. A plurality of functional devices are formed like ss 
a matrix on the front face 3 of the silfcon wafer 1 1 . The 
functional device refers to a light-receiving device such 
as photodlode. a light-emitOng device such as laser di- 



ode, a circuit device formed as a circuit, or the like. 
[0085] Subsequently, as shown in Fig. 1 1 B, the sllk^on 
wafer 1 1 is in^diated with laser light from the front face 
3 side by using the above-mentioned laser processing 
apparatus 1 00. for example, such that the light-converg- 
ing point is located within the silicon wafer 11 .As a con- 
sequence, a molten processed region 13, which is a 
modified region, is fomned within the sflfcon wafer 11. 
whereby a part which is intended to be cut 9 is formed! 
In the forming of the part which is intended to be cut 9, 
the laser light is emitted so as to run between a plurality 
of functional devfces arranged like a matrix on the front 
face 3 of the silicon wafer 1 1 . whereby the part whfch is 
intended to be out 9 Is formed like a grid running directly 
under between neighboring functional devices. 
[0086] After fomiing the part which is intended to be 
cut 9. sheet expanding means 30 puBs the periphery of 
the adhesive sheet 20 outward as shown in Fig. 12A. 
thereby expanding the adhesive sheet 20. Expanding 
the adhesive sheet 20 starts fractures in the thickness 
direction from the part whbh is intended to be cut 9, and 
the fractures reach the front face 3 and rear face 1 7 of 
the silicon wafer 1 1 . As a consequence, the silicon wafer 
11 is cut Into the functional devices with a high precislori, 
whereby semiconductor chips 25 each having one func- 
tional device are obtained. 

[0087] Here, opposing cut sections 25a, 25a of neigh- 
boring semiconductor chips 25. 25 are initially in close 
contact with each other, but are separated from each 
other as the adhesive sheet 20 expands, whereby the 
die-bonding resin layer 23 In close contact with the rear 
face 1 7 of the silteon wafer 1 1 Is cut along the part whfch 
Is Intended to be cut 9. 

[0088] There are cases where the sheet expanding 
mearis 30 is disposed on a stage for mounting the silicon 
wafer 11 when fonning the line to cut 9, and not. In the 
case where the sheet expanding means 30' is not dis- 
posed on the stage, transfer means transfers the silicon 
wafer 1 1 mounted on the stage onto another stage pro- 
vided with the sheet expanding means 30 after forming 
the part which b intended to be cut 9. 
[0089] After the expanding of the adhesive sheet 20 
is completed, the adhesive sheet 20 is irradiated with 
UV rays from the rear face side as shown in Fig. 12B. 
whereby the UV^urable resin layer 22 is cured. This 
lowers the adhesive force between the UV-curable resin 
layer 22 and die-bonding resin layer 23. The irradiation 
with the UV rays may be performed before the expand- 
ing of the adhesive sheet 20 begins as well. 
[0090] Subsequently, as shown in Rg. 1 3A. a vacuum 
collet or the ftke, which Is pickup means. Is used for sue- - 
cesslvely picking up the semiconductor chips 25. Here, 
the die-bonding resin layer 23 is cut into outer forms sim- 
ilar to those of the semlconjiuctor chips 25, whereas the 
adhesive force between the die-bonding resin layer 23 
and UV-curable resin layer 22 is lowered, whereby each 
semiconductor chip 25 Is picked up while in a state 
where the cut dip-bonding resin layer 23 is attached to 
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its rear face. Then, as shown in Rg. 13B. the semicon- 
ductor chip 25 is mounted on a die pad of a lead frame 
27 by way of the die-bonding resin layer 23 closely in 
contact with the rearface. and is joined thereto with the 
. filler upon heating. 
[0091] In the method of cutting Ihe silicon wafer 11, 
the molten processed region 13 fonrned by mulUpholon 
absorption yields the line to cut 9 within the silicon wafer 
1 1 ajong a desirable line to cut for cutting the siliconwa- 
fer 11 as in the foregoing. Therefore, when the adhesive 
sheet 20 bonded to the silicon wafer 1 1 is expanded, the 
silicon wafer 11 is cut along the part which is intended 
to be cut 9 with a high precision, whereby the semicon- 
ductor chps 25 are obtained. Here, the opposing cut 
sections 25a. 25a of the neighboring semiconductor 
substrates 25, 25 are initially in close contact with each 
other, but are separated from each other as the adhe- 
sive sheet 20 expands, whereby the die-bonding resin 
layer 23 in close contact with the rear face 17 of the sil- 
icon wafer 11 is cut along the part which is intended to 
be cut 9. Therefore, the sificon wafer 1 1 and die-bonding 
resin layer 23 can be cut along the part which is intended 
to be cut 9 much more efficiently than in the case where 
the silicon -wafer 1-1 and die-bonding-resin layer 23 are 
cut with a blade without cutting the base 21 . 
[0092] Also, since the opposing cut sections 25a, 25a 
of the neighboring semiconductor chips 25, 25 are ini- 
tially in close contact with each other, the. cut individual 
semiconductor chips 25 and cut pieces of the die-bond- 
ing resin layer 23 have substantially the same outer 
form, whereby the die-bonding resin Is prevented from 
protruding from the cut sections 25a of the sem:conduc- 
tor chips 25. 

[0093] Though the foregoing method of cutting the sil- 
icon wafer 11 relates to a case where fractures starting 
from the part which is intended to be cut 9 are not gen- 
erated in the silicon wafer 1 1 before the adhesive sheet 
20 Is expanded as shown in Fig. 14A, fractures 15 may 
be started from the part which is intended to be cut 9 so 
as to reach the front face 3 and rear face 1 7 of the silicon 
wafer 1 1 as shown in Fig. 1 4B before expanding the ad- 
hesive sheet 20. Examples of methods of generating the 
fractures 15 include one in which stress applying means 
such as a knife edge is pressed against the rear face 17 
of the silicon wafer 11 along the part which is intended 
to be cut 9 so as to cause a bending stress or shear 
stress in the silfcon wafer 1 1 along the part which is in- 
tended to be cut 9. and one in which a temperature dif- 
ference is given to the silicon wafer 1 1 so as to generate 
a thermal stress in the silicon wafer 11 along the part 
which is intended to be cut 9. 

[0094] When a stress is generated in the silicon wafer 
11 along the part which is intendedto be cut 9 afterform- 
ing the part which is intended to be cut 9. so as to cut 
the silicon wafer 11 along the part which is intended to 
be cut 9 as such, semiconductor chips 25 cut with a very 
high precision can be obtained. When the adhesive 
sheet 20 bonded to the sIRcon wafer 1 1 is expanded, the 



opposing cut sections 25a, 25a of the neighboring sem- 
iconductor substrates 25. 25 are separated from each 
other from their close contact state as the adhesive 
. sheet 20 expands, whereby the die>bonding resin layer 
5 23 In close contact with the rear face 17 of the silicon 
wafer 11 is cut along ihe cut sections 25a in this case 
as well. TTierefbre, the sfllcon wafer 11 and die-bonding 
resin layer 23 can also be cut along the part which is 
. intended to be cut9 much more efficiently by this cutting 
10 method than in the case where the silicon wafer 11 and 
die-bonding resin layer 23 are cut with a blade without 
cutting the base 21 . 

[0095] When the stlic6n wafer 11 becomes thinner 
there is a case where fractures 15 started from the part 
which is intended to be cut 9 reach the front face 3 and 
rear face 1 7 of the silicon wafer 1 1 as shown in Fig 1 4B 
without causing a stress along th e part which is intended 
to be cut 9. 

[0096] When the part which is intended to be cut 9 
20 caused by the molten processed region 13 is formed 
near the front face 3 within the silicon wafer 1 1 such that 
a fracture 15 reaches the front face 3 as shown in Fig. 
1 5A, the cutting accuracy of the front face (i.e.. function- 
al device fomiing surface) of the semiconductor chips 
25 25 obtained by cutting can be made very high. When 
the part which Is intended to be cut 9 caused by the mol- 
ten processed region 1 3 is formed near the rear face 1 7 
within the silicon waferll such that a fracture 15 readi- 
. es the rear face 17 as shown in Rg. 15B, on the other 
30 hand, the die-bonding resin layer 23 can be cut with a 
high precision by expanding the adhesive sheet 20. 
[0097] Results of an experiment in a case using "LE- 
5000 (product name)- available from Lintec Corporation 
as the adhesive sheet 20 will now be explained. Rgs. 
35 16 and 17 are schematic views showing, a series of 
states In the case where the adhesive sheet 20 is ex- 
panded after the part which is intended to be cut 9 
caused by the molten processed region 13 Is- formed ' 
within the silicon wafer 11. Namely. Rg. iSA shows the 
^0 state immediately after starting expanding the adhesive 
sheet 20, Rg. 1 6B shows the state in the process of ex- 
panding, Fig. 1 7A shows the state after the expanding • 
of the adhesive sheet 20 is completed, and Fig 17B 
shows the state at the time of picking up the semicon- 
45 ductor chip 25. 

[0098] Immediately after starting expanding the adhe- 
sive sheet 20. the silicon wafer 1 1 was cut along the part 
which Is Intended to be cut 9. wh ereby the opposing cut 
sections 25a, 25a of neighboring semiconductor chips 
50 25 were in close contact with each other as shown in 
Rg. 16A. Here, the die-bonding resin layer 23 had not 
been cut yet. Then, as the adhesive sheet 20 expanded 
the die-bonding resin layer 23 was tom apart so as to 
be cut along the part which is Intended to be cut 9 as 
55 Shown In Fig. 16B. 

[00991 When the expanding of the adhesive sheet 20 
was completed as such, the die-bonding resin layer 23 
was cut into the Individual semiconductor chips 25 as 
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shown in Rg. 17A. Here, a part 23b of the die^onding 
resin layer 23 was ieft tWnly on the base 21 of the ad- 
hesive sheet 20 between the semiconductor chips 25, 
25 separated from each other. The cut section 23a of ., 
the die-bonding resin layer 23 cut together with the sem- s 
iconduclor chip 25 was slightly recessed with reference 
to the cut section 25a of the semiconductor chip 25. This 
reliably prevented the die-bonding resin from protruding 
. from the cut sections 25a of the semiconductor chips ' 
25. Then, the semiconductor chip 25 could be picked up io 
together with the cut die-bonding resin layer 23 by a vac- 
uum collet or the like as shown in Fig. 17B, 
[0100] When made of a nonelastic material and the 
like, the die-bonding resin layer 23 is not left on the base 
21 of the adhesive sheet 20 between the semiconductor is 
chips 25, 25 separated from each other as shown in Fig. 
18. Consequently, the cut section 25a of the semicon- 
ductor chip25 andthecutsection23aofthedie-bonding 
resin layer 23 in close contact with the rear face thereof 
can substantially coincide with each other. 20 
[0101 1 The adhesive sheet 20 comprising the base 21 
and UV-curable resin lay er 22 may be bonded to the rear 
face 1 7 of the silicon wafer 1 1 by way of the UV-curable 
resin layer 22 as shown in Fig. 19A, so as to fomi the 
part which.is Intended to be cut 9 caused by the molten 25 
processed region 13. and then the periphery of the ad- 
hesh^e sheet 20 may be extended outward as shown In 
Fig. 19B, so as to cut the silfcon wafer 11 into the sem- 
fconductor chips 25. The silicon wafer 11 can also be ' 
cut along the part which is intended to be cut 9 with a so 
high precision much more efficiently in this case than in 
the case where the silicon wafer 11 Is cut with a blade 
while leaving the adhesive sheet 20. 
[0102] The method of cutting the silicon wafer 11 by 
using the adhesive sheet 20" comprising the base 2 1 and 35 
UV-curable resin Iayer22 Is not limited to the case where 
no fractures starting from the part which Is intended to 
be cut 9 occur In the silicon wafer 11 before expanding 
the adhesive sheet 20 as explained with reference to 
Rg. 19, but fractures 15 started from the part which Is 
Intended to be cut 9 may be allowed to reach the* front 
face 3 and rear face 17 of the silfcon wafer 11 (Rg. 20A) 
before expanding the adhesive sheet 20 (Rg. 2OB) as 
shown In Figs. 20A and 20B. Also, a fracture 15 started 
from the part which is intended to be cut 9 may be al- ^5 
lowed to reach the front face 3 of the -silicon wafer 11 
(Fig. 21 A) before expanding the adhesive sheet 20 (Fig. 
21 B) as shown in Fig. 21 . or a fracture 15 started from 
the part whfch is Intended to be cut 9 may be allowed to. 
reach the rear face 1 7 of the silfcon wafer 1 1 (Fig. 22A) so 
before expanding the adhesh^e sheet 20 (Rg. 22B) as 
shown in Rg. 22. 

In the following, a preferred second embodiment 
of the method of cutting a semiconductor substrate in 
accordance with the present inventlon'will be explained ss 
more specifically. Figs. 24 to 27 are partly sectional 
yiews of the sincon wafer taken along the line XIII-XIII 
of Rg. 23. 



[0103] On the front face 3 of a silicon wafer (semicon- 
ductor substrate) 11 to become an object to be proc- 
essed, a plurality of functional devices 21 5 are patterned 
into a matrix in directions parallel and perpendicular to 
an orientation flat 16 as shown in Rg. 23. In the following 
manner, such a silfcon wafer 11 is cut into the functional 
devices 215. 

[0104] Rrst, as shown in Fig. 24A, a protective film 1 8 
is bonded to the silicon, wafer 1 1 on the front face 3 side, 
so as to cover the functional devices 2.1 5. The protecth^e 
film 18 protects the functional devices 21 5 and holds the 
silicon wafer 11, After bonding the protective film 1 8. the 
rear face 1 7 of the silicon wafer 1 1 is ground to a plane 
such that the silicon wafer 11 attains a predetermined 
thickness, and is further subjected to chemical etching, 
so as to be smoothed as shown in Fig. 248. As such, 
for example, the silicon wafer 11 having a thickness of 
350 nm is thinried to a thickness of 100 nm. After the 
silicon wafer 1 1 is thinned, the protective film 1 8 is ina- 
diated with UV rays. This hardens the UV-curable resin 
layer, which is an adheshre layer in the protective film 
1 8, thereby making it easier for the protective film 1 8 to 
peel off. 

[0105] Subsequently, using a laser processing appa- 
ratus, a cutting start region is formed within the silicon 
wafer 11. Namely, as shown In Fig. 25A, the protective 
film 18 Is secured onto the mount table 19 of the laser 
processing apparatus by vacuum suction such that the 
rear face 1 7 of the sIDcon wafer 11 faces up', and lines 
to cut 5 are set like grids so as to pass between neigh- 
boring functional devices 215. 215 (see dash-double- 
dpt lines in Fig. 23). Then, as shown in Rg. 25B, the 
silicon wafer 1 1 is in-adiated wtth laser light L while using 
the rear face 17 as a laser light entrance surface and 
locating the light-converging point P within the silicon 
wafer 11 under a condition generating the above-men- 
tioned multiphoton absorption, and the mount table 19 
is moved, such that the light-converging point P is rela- 
tively shifted along the lines to cut 5. Consequently, as 
shown in Fig. 25C, cutting start regions 8 are formed by 
molten processed regions 13 within the silicon wafer 11 
along the lines to cut 5. 

[01 06] Next, the silicon wafer 1 1 having the protective ' 
film 1 8 bonded thereto is removed frorti the mount table 
19, and a die-bonding-res In-attached film 220 (e.g., "t.E- 
5000 (product name)" available from Lintec Corpora- 
tion) is bonded to the rear face 17 of the silicon- wafer . 
11 as shown In Rg. 26A. The die-bonding-resln-at- 
tached film 220 Includes an expandable film (holding 
member) 221 having a thickness of about 100 jim, 
whereas a die-bonding resin layer 223 funptipning as a 
die-bonding adhesh^e is disposed on the expandable 
film 221 by way of a UV-curable resin layer having a 
thfckness on the onder of several mbrometers. Namely, 
the expandable film 221 is bonded to the rear face 17 
of the silicon wafer 11 by way of the die-bonding resin 
layer 223. A film expanding means 30 is attached to a 
peripheral part of the expandable film 221 . After bonding 
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the die-bonding-resin-attached film 220, the protective 
fijm 10 Is peeled off from the front face 3 side of the sil- 
icon wafer 11 as shown in Fig. 26B. and the expandable 
fflm 221 Is irradiated with UV rays as shown In Rg. 26C. 
This hardens the UV-curable resin layer, which is an ad- 5 
hesive layer in the exp andable nim 221 , thereby making 
it easier for the' die-bonding resin layer 223 to peel off 
from the expandable film 221 . 

[0107] Subsequently, as shown in Fig. 27A, the film 
expanding means 30 pulls the peripheral part of the ex- to 
pandable film 221 outward, so as to expand the expand- 
able film 221 . Expanding the expandable film 221 caus- 
es fractures to start from the cutting start regions 8 and 
reach the front face 3 and rear face 17 of the silicon wa- 
fer 11. As a consequence, the silicon wafer 11 is cut is 
along the lines to cut 5 with a high precision, whereby a 
plurality of semiconductor chips 25 each including one 
functional device 215 are obtained. Here, the opposing 
cut sections 25a, 25a of )he neighboring semiconductor 
chips 25, 25 are separated from each other from their 20 
dose contactstate as the expandable film 221 expands, 
whereby the die-bonding resin layer 223 in close contact 
with the rear face 1 7 of the silicon wafer 1 1 is cut along 
the lines to cut 5 together with the silicon wafer 11 . 
[0108] Next, using a vacuum collet or the like, the 25 
semfconductor chips- 25 are successively pbked up as 
shown in Rg. 27B. Here, the die-bonding resin layer 23 
is cut into outer forms similar to those of the serftlcon- 
ductor chjps 25. whereas the adhesh^e force between 
the die-bonding resin Iayer223 and expandable film 221 30 
is lowered, whereby each semiconductor chip 25 is 
picked up while in a state where the cut die-bonding res- 
in layer 223 is attached to its rear face. Then, as shown 
In Rg. 27C, the semiconductor chip 25 Is mounted on a 
die pad of a lead frame 27 by way of the die-bonding 3S 
resin layer 223 closely in contact with the rear face, and 
is joined thereto with the filler upon heating. 
[0109] In the foregoing method of cutting the.slllcon 
wafer 11, the silicon wafer 11 having the front face 3 
formed with the functional devices 215 is used as an 
object to be processed, and is irradiated with laser light 
L while using its rear face 17 as a laser light entrance 
surface and locating the light-converging point P within 
the silicon wafer 1 1 . This generates multlphoton absoip- 
tion within the silicon wafer 11 , thereby forming the cut- 4S 
ting start regions 8 caused by the molten processed re- 
gions 13 within the silicon wafer 1 1 along the lines to cut 
5. Here, the near face of the sernlconductor.substrate is 
used as the laser light entrance surface, since there will 
be a fear of the functional devices inhibiting the laser so 
light from entering if the front face is used as the laser 
light entrance surface. When the cutting start regions 8 
are formed within the silicon wafer 1 1 as such, fractures 
can start from the cutting start regions 8 naturally oV with 
a relatively- small force applied thereto, so as to reach 55 
the front face 3 and rear face 1 7 of the silicon wafer 11 . 
Therefore; when the expandable film 221 is bonded to 
the rear face 1 7 of the silicon wafer 11 by way of the die- 



bonding resin layer 223 and expanded after forming the 
cutting start regions 8, the cot sections 25a. 25a of the 
silfoon wafer 1 1 cut along the lines to cut 5 are separated 
from each other from thelrclose contact state. As a con- 
sequence, the die-bonding resin layer 223 existing be- 
tween the silicon wafer 11 and expandable film 221 is 
also cut along the lines to cut 5. Therefore, the silicon 
wafer 11 and die-bonding resin layer 223 can be cut 
along the lines to cut 5 much more efficiently than in the 
case cut with a blade or the like. 
[0110] Since the cut sections 25a. 25a of the silicon 
wafer 1 1 cut along the lines to cut 5 are Initially in close 
contact with each other, the cut pieces of silicon wafer 
11 and cut pieces of die-bonding resin layer 223 have 
substantially the same outer fomn, whereby the die- 
bonding resin is prevented from protruding from the cut 
sections 25a of the pieces of the silicon wafer 11 . 
[0111] Further, before forming the cutting start re- 
gions 8 within the silicon wafer 11. the rear face 17 of 
the silicon wafer 1 1 is ground such that the silicon wafer 
11 attains, a predetemnined thickness. When the silicon 
wafer 11 is thinned to a predetermined thickness as 
such, the siRcon wafer 11 and die-bonding resin layer 
223 can be cut along the lines to cut 5 with a higher 
precision. 

Industrial Applicability 

[0112] As explained in the foregoing, the method of 
cuUing a semiconductor substrate in accordance with 
the present invention can efficiently cut the semiconduc- 
tor substrate together wfth a die-bonding resin layer. 



Claims 

1 . A method of cutting a semfconductor substrate, the 
method comprising the steps of 

Irradiating a semiconductor substrate having a 
she^t bonded thereto by way of a die-bonding 
resin layer with laser light while locating a light- 
oonvenging point within the semiconductor sub- 
strate, so as to form a modified region caused 
by multiphoton absorption within the semicon- 
ductor substrate, and causing the modified re- 
gion to form a part which Is intended to be cut; 
and 

expanding the sheet after the step of forming 
the part which Is intendedto be cut, so as to cut 
the semiconductor substrate and die-bonding 
resin layer along the part which is intended to 
be cut. 

2, A method of cutting a semiconductor substrate, the 
method conrprising the steps of: 

irradiating a semiconductor substrate having a 
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3. 



sheet bonded thereto by way of a die-bonding 
resin layer with laser fight while locating a light- 
converging point within the sembonductor sub- 7. 
strate under a condition with a peak power den- 
sity of at least 1 x 1 0^ (W/cm2) at the light-con- 5 
verging point and a pulse width of 1 ^ or less, 
so as to form a modified region including a mol- 
ten processed region within the semiconductor 
substrate, and causing the modified region in- 
cluding the molten processed region to fomi a io 8. 
part which is intended to be cut; and 
expanding the sheet after the step of forming 
the part which is intended to be cut, so as to cut 
the semiconductor substrate and die-bonding 
resin jayer along the part which is intended to is 
• be cut. 

A method of cutting a semiconductor substrate, the 
method comprising the steps of: 
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4. 



6. 



in-adiating a semiconductor substrate having a 
sheet bonded thereto by way of a die-bonding 
resin layer with laser light while locating a light- 
converging point within the semiconductor sub- 
strate, so as to form a modified region within 
the semiconductor substrate, and causing the 

modified region to form a part which is intended 
to be cut; and 

expanding the sheet after the step of foriTiing 
the part which Is Intended to be cut. so as to cut so 
the semiconductor substrate and die-bonding 
resin layer along the part which is intended to 
be cut. 

A method of cutting a semiconductor substrate, the 35 
method comprising the steps of: 

. irradiating ai semiconductor substrate having a 

sheet bonded thereto with laser light while lo- 10. 
eating a light-converging point within the sem- 40 
Iconductor substrate, so as to fonn a modified 
region within the semiconductor substrate, and 
causing the modified regie n to fonm a part which 
is intended to be cut; and 

expanding the sheet after the step of fomiing 4S , 
the part which Is intended to be cut, so as lo cut 
the. semiconductor substrate along the part 
which Is intended to be cut. 

A method of cutting a semiconductor substrate ac- so 
cording to claim 3 or 4, wherein the modified region 
Is a molten processed regbn. 

A method of cutting a semiconductor substrate ac- 
cording to one of claims 1 to 4, wherein a fracture ss 
is caused to reach a front face of the semiconductor 
substrate on the laser light entrance side from the 
part which is intended to be cut acting as a start 



point 

A method cutting a semiconductor substrate ac- 
cording to one of claims 1 to 4, wherein a fracture 
is caused lo reach a rear face ofihe semiconductor 
substrate on the side opposite from the laser light, 
entrance side from Ihe part which is intended to be 
cut acting as a start point. 

A method of cutting a semiconductor substrate ac- 
cording to one of claims 1 to 4, wherein a fracture 
is caused to reach a front face of the semiconductor 
substrate on the laser light entrance side and a rear 
face on the side opposite therefrom from the part 
which is intended to be cut acting as a start point. 

A method of cutting a semiconductor substrate, the 
method comprising the steps of: 

irradiating a semiconductor substrate having a . 
sheet bonded thereto by way of a die-bohding 
resin layer with laser light while locating a light- 
converging point within the semiconductor sub- 
strate^ so as to form a modified region caused 
by multiphoton absorption within the semicon- 
ductor substrate, and causing the modified re- 
gion to fonn a part which is intended to be cut; 
generating a stress in the semiconductor sub- 
strate along the part which is intended to be cut 
after the step of forfning the part which is in- 
tendedto be cut, so as to cut the semiconductor 
substrate along the part which Is Intendedto be 
• cut; and 

expanding the sheet after the step of cutting the 
semiconductor substrate, so as to cut the die- 
bonding resin layer along a cut section of the 
semiconductor substrate. 

A method of cutting a semiconductor substrate, the . 
method comprising the steps of:* 

irradiating a semiconductor substrate having a 
sheet bonded thereto by way of a die-bonding 
resin layer with laser light while locating a light- 
converging pointwithin the semiconductor sub- 
strate under a condition with a peak power den- 
sity of at least 1 x 10^ (W/cm^) at the Oght-con- 
verging point and a pulse width of 1 ps or less, 
. so as to fomi a modified region caused by mul- 
tiphoton absorption within the semiconductor 
substrate, and causing the modified region to 
form a part which is Intended to be cut; 
generating a stress in the semiconductor sub- 
strate along the part which is intended to be cut 
after.the step of forming the part which is in- 
tendedto be cut, so as to cut the semiconductor- 
substrate along the part which is intended to be 
cut; and 
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expanding the sheet after the step of cutting the 
semiconductor substrate^ so as to cut the die- 
bonding resin layer along a cut section of the 
semiconductor substrate. 

11 . A method of cutting a semiconductor substrate, the 
method comprising the sieps of: 

irradiating a semiconductor substrate having a 
sheet bonded thereto by way of a die-bonding 
resfn layer with laser light while locating a light- 
converging point within the semiconductor sub- 
strate, so as to form a modified region within 
the semiconductor substrate, and causing the 
modified region to form a part which is intended 
to be cut; 

generating a stress in the semiconductor sub- 
strate along the part which is Intended to be cut 
after the step of fonning the part which is in- 
tended to be cut, so as to cut the semiconductor 
substrate along the part which is Intended to be 
cut; and 

expanding the sheet after the step of cutting the 
semiconductor substrate, so as to cut the die- 
bonding resin layer along a cut section of the 
semiconductor substrate. 

12. A method of cutting a semiconductor substrate ac- 
cording to dalm 11, 

wherein the modified region is a molten processed 
region. 



grincfing the rear face of the semiconductor sub- 
strate such that the semiconductor substrate attains 
a predetermined thickness before forming the cut- 
ting start region. 

5 

15. A method of cutting a semiconductor substrate ac- 
cording to claim 13 or 14. wherein the modified re- 
gion indudes a molten processed region. 

16. A method of cutting a semiconductor substrate ac- 
cording to one of claims 13 to 16, wherein a fracture 
is caused to reach the front face of the semiconduc- 
tor substrate from the cutting start region acting as 
a start point when forming the cutting start r^ion. 

17. A method of cutting a semiconductor substrate ac- 
cording to one of claims 1 3 tp 15, wherein a fracture 
is caused to reach the rear face of the semiconduc- 
tor substrate from the cutting start region acting as 
a start point when forming the cutting start regloii. 

18. A method of cutting a semiconductor substrate ac- 
coKJing to one of claims 1 3 to 1 5. wherein a fracture 
is caused to reach the front and rear faces of the 
semiconductor substrate from the cutting start re- 
gion acting as a start point when fonning the cutting 
start region. 
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1 3, A method of cutting a semiconductor substrate hav- 
ing .a front face formed with a functional device 
along a line to cut, the method comprising the steps 35 



of: 



irradiating the serniconductor substrate with la- 
ser light while using a rear face of the semicon- 
ductor substrate as a laser light entrance sur- ^o 
face and locating a light-converging point within 
the semiconductor substrate,, so as to form a 
modified region, and causing the modified re- 
gion to fomi a cutting start region within the 
semiconductor substrate inside of the laser ^5 
light entrance surface by a predetermined dis- 
tance along the line to cut; 
attaching an expandable holding member to 
the rear face of the semiconductor substrate by 
way of a die-bonding resin layer after forming so 
the cutting start region; and 
expanding the holding member after attaching 
the holding member, so as to cut the semicon- . 
ductor substrate and die-bonding resin layer 
along the line to cut. 55 

14. A method of cutting a semicoriductor substrate ac- 
cording to claim 13, further comprising the step of 
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